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Abstract 
The present research focuses on studying the effect of the geometric shape of the redistribution of 
spaces between the internal columns on the behavior of reinforced concrete structural frames exposed to 
explosive load, and the evaluation of the damage caused by that load on the structures. The eight-story 
reinforced concrete structure and three bays are designed according to the American Code ACI-14. 
SAP2000 (V.20) was used for analysis, design and study of the elastic – plastic structural response under 
the blast loads, through several variables, including the maximum lateral and plastic displacements, the 
number and condition of the formed plastic hinges, and index damage. The two-dimensional structural 
element was represented by a three-degree of freedom (beam-column) model, where the interaction 
between the axial force and the moment was used as a yield surface to follow the transition from elastic 
to plastic behavior for the columns, while the yield moment was defined as a yield criterion for the same 
behavior according to the principle of accumulated plasticity (Plastic Hinge) at the end of element. The 
uniformity in the column spacing, for a geometrical shape considerations, having a clear effect on 
reducing the deformations and plastic displacements of the structure and reducing the damage index  with 
respect to the energy dissipated after the structural response. As a result, the distance between the mass 
and stiffness centers of the structural members affect the response of frame, the least distance between 
these two centers results in least damage to the structural elements compared to other symmetrical cases. 
Keywords: Blast load, Plastic hinges, Damage index, Ductility, Reinforced concrete, Plasticity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Submission date:- 2/12/2019 Acceptance date:- 31/1/2020 Publication date:- 20/2/2020 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
109 
      
          
     Dr.sofyan@yahoo.com  alriyadh81@yahoo.com
  
ACI-14
SAP2000(V.20)
 
1
 
            
 [1] [2]
[3]
 [4]
[5]
6
[7]
[8]
[9]
(Composite Column)
 
ACI-14[10]
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
110 
SAP2000(V.20)[11]
2 
 
1[2] [12] [13]
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hopkinson-Cranz
(Z)(R(W)
[12] [2] 
𝑍 =
𝑅
√𝑊
3                                                                                 (1) 
 Z(40-0.05 m/kg1/3TNT12] ,[2
 
3
2-a
Plastic Hinge Clustered Plasticity
2-b
14
 [2] 
 
ا ةجومراجفن  ةيضرا
 ةسكعنم  
ضرلاا حطس 
ةمدصلا ةهبج 
 فصن راجفنا ةجوم
 ةيورك 
 ةفاسملا
ةيسايقلا 
 ردصم
راجفنلاا 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
111 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
[15]
4
𝞱M-
3ATC-40FEMA-356
𝞱M-
[16][17]
FEMA-3560.7 I)(0.4 I)
 
 
 
 
 
 
 
 
 
 
 
 
(a)
 
b
 
2 [14] 
 
C 
B 
A 
D 
[17] 3  
  
    (𝜃) 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
112 
5
 4 [10] ACI-14 
1
5%(1)(2)
.Newmark
(0.002 sec.)[18]
5(A)
(DI)[19] 
[20] (µ) 
Ton)15TNT m)19
 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
113 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 ردصم
راجفنلاا 
  
4  
Load P(t) 
time (t) 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
114 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
صئاصخلا ةيددعلا ةميقلا 
A-A
C4 
 
 16mmØ8 
 4 
 10@150mmØ 
B-B
B20 
 
 
 
 
 
 
 
 4 
 10@150mmØ سرخلل طاغضنلاا ةمواقمةنا  𝑓𝑐
′ 25.0 MPa 
ةنورملا لماعم MPa 23650 
ةناسرخلا ةفاثك 3kg/m 2350 
حيلستلا ديدحل عوضخلا داهجإ  𝑓𝑦 414.0 MPa 
Dead load 30.0 kN/m. 
Live load 10.0  kN/m 
  
  (A, B, C,D) 1  
 
12mm TopØ3 
20mm BottomØ3 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
115 
6 
 
AB,C,D  6
 A,B,C,D (7)
A
7m. 
 
 
 
 
 
 
 
 
 
 
 A C(6) 
C
8 
 
 
 
 
 
 
 
 
 
 
 
Axial Force
(9)C1
5(9)1
5
 (10) C1B
B
0
100
200
300
400
500
600
0 2 4 6 8 10 12
D
is
p
lc
em
en
t 
at
 N
o
d
e 
 9
 (
m
m
)
Time (sec)
A
B
C
D
475
480
485
490
495
500
A B C D
484.2
489.6
493.7
486.5
M
ax
. 
D
is
p
lc
em
en
t 
at
 N
o
d
e 
9
  
(m
m
)
Cases
6
9A,B,C,D
 
(7)
9A,B,C,D
 
Plastic  Disp. 
case A=345mm 
case B=371mm 
case C=389mm 
case D=363mm 
 
 
66
68
70
72
74
76
78
80
A B C D
71
76
79
75
(R
e
si
d
u
a
l 
D
is
p
./
M
a
x
. 
D
si
p
.)
×
1
0
0
Cases
(8) A,B,C,D
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
116 
 
 
 
 
 
 
 
 
     
 
 
ج-  ةندللا لصافملاPlastic Hinges: 
  B,C,D A
(2)
3(11)A,B,C,D
(11)A
FEMA-356 
(2)A,B,C,D 
 
 
FEMA-356 
AB CDAB CD
B-IO19 1711 11 6 3 6 7
LS-IO14 16 13 16 9 12 14 11
LS-CP 2 4 1 2 3 3 4 
CP-C  10 3 24 
C-D 115 1 9 14 1012
 34 36 3329 363535 38
-400
-200
0
200
400
600
800
0 2 4 6 8 10 12
A
x
ia
l 
F
o
rc
e 
 i
n
 
C
o
lu
m
n
 C
1
 (
k
N
)
Time(sec)
A
B
C
D
0
200
400
600
800
A B C D
522.3
683.8
309.0
397.2
M
ax
. 
A
x
ia
l 
F
o
rc
e 
in
 
C
o
lu
m
n
 C
1
 (
k
N
)
Cases
9
A,B,C,D
(10)
A,B,C,D.
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
117 
  
11 A,B,C,D 
(3)5
.  
(3)
 Damage Index: 
[19]
(Ep(Eh
SAP2000
(Umax.)(Uresidual) 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
118 
(2)                                                    𝐷𝐼𝐸𝑔 =
𝐸ℎ
2𝐸𝑝 +𝐸ℎ
     
𝐷𝑑𝑖𝑠𝑝 =
𝑈 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙
𝑈 𝑚𝑎𝑥
                                              (3) 
(4)A,B,C,D 
(Umax.)(Uyield)
[20] 
𝜇 =
𝑈𝑚𝑎𝑥
𝑈𝑦𝑖𝑒𝑙𝑑
                                                           (4) 
(4)A,B,C,D  
 
)pE( 
kN-m
 
)hE( 
kN-m
 
EgDI)
%
 
disp)DI
%
µ) 
C11.7 65.1 73 7921 
B16.6 62.7 65 76 35 
D16.4 60.0 64 7529 
A 18.6 60.5 62 7124 
:7
  
 (12% - 5%) 
 (C-D)
FEMA-356 . 
  15
6 
  60
 
Conflicts of Interest 
The author declares that they have no conflicts of interest. 
8 :رداصملا                                                                                                                    References 
[1] Karlos, Vasilis, and George Solomos. "Calculation of blast loads for application to structural 
components." Luxembourg: Publications Office of the European Union 2013. 
[2] Yi, Weijian, Qingfeng He, and Yan Xiao. "Collapse performance of RC frame structure." Jianzhu 
Jiegou Xuebao/Journal of Building Structures 28, no. 5, 2007: 104-109. 
[3] Ngo, Tuan, Priyan Mendis, Anant Gupta, and J. Ramsay. "Blast loading and blast effects on 
structures–an overview." Electronic Journal of Structural Engineering 7, no. S1, 2007: 76-91.  
[4] King, Kim W., Johnny H. Wawclawczyk, and Cem Ozbey. "Retrofit strategies to protect structures 
from blast loading." Canadian Journal of Civil Engineering 36, no. 8-2009: 1345-1355. 
Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (1): 2020. 
119 
[5] Ahmad, Saeed, Mehwish Taseer, and Huma Pervaiz. "Effects of impulsive loading on reinforced 
concrete structures." Tech. J., Univ. Eng and Technol. Taxila, Pakistan (Vibration analysis issue), 
2012. 
[6] Mukherjee, Sourish, Rittik Bhowmik, Aparna Das, and Sulagno Banerjee. "Review Paper on Blast 
Loading and Blast Resistant Structures." 
[7] Heggelund, Solveig, Kristoffer Brekken, Petter Ingier, and Svein Olav Christensen. "Global Response 
of a Three-Story Building Exposed to Blast Loading." In Multidisciplinary Digital Publishing 
Institute Proceedings, vol. 2, no. 8, p. 386. 2018. 
[8] Liu, Yan, Jun-bo Yan, and Feng-lei Huang. "Behavior of reinforced concrete beams and columns 
subjected to blast loading." Defence Technology 14, no. 5, 2018: 550-559. 
[9] Ibrahim, Yasser E., Mostafa A. Ismail, and Marwa Nabil. "Response of reinforced concrete frame 
structures under blast loading." Procedia engineering 171, 2017: 890-898. 
[10] American Concrete Institute. Building Code Requirements for Structural Concrete (ACI 318-14): 
Commentary on Building Code Requirements for Structural Concrete (ACI 318R-14): an ACI 
Report. American Concrete Institute. ACI, 2014. 
[11] CSI (Computers and Structures, Inc.). "CSI analysis reference manual for SAP2000, ETABS, SAFE, 
and CSiBridge.", 2011. 
[12] United States. Department of the Army. Structures to resist the effects of accidental explosions. Vol. 
88, no. 22. Departments of the Army, Navy, and Air Force, 1991. 
[13] Jayasooriya, Jayasooriya Hevavitharanage Aruna Ruwan. "Vulnerability and damage analysis of 
reinforced concrete framed buildings subjected to near field blast events." PhD diss., Queensland 
University of Technology, 2010. 
[14] Kashmola, S. Y. ,"Nonlinear Dynamic Analysis of Soil-Frame Interaction Problems", Ph.D. Thesis, 
Civil Engineering Department, Mosul University, Mosul, Iraq,  2007, pp.116 
[15] Hetherington, John, and Peter Smith. Blast and ballistic loading of structures. CRC Press, 2014. 
[16]  Comartin, C., R. Niewiarowski, and C. Rojahn. "ATC-40 Seismic evaluation and retrofit of concrete 
buildings." SSC 96 1, 1996. 
[17] Levy, Robert, Oren Lavan, and Avigdor Rutenberg. "Seismic design of friction-damped braced 
frames based on historical records." Earthquake Spectra 21, no. 3, 2005: 761-778. 
[18] Clough , R.W.,and Penzien, J., Dynamics of Structures,3rd Edition, University of Californ,ia 
Berkeley, Computers and Structures, Inc., USA, 2003,pp.234-245. 
[19] Cao, Vui V., Hamid R. Ronagh, Mahmud Ashraf, and Hassan Baji. "A new damage index for 
reinforced concrete structures." Earthquakes and Structures 6, no. 6, 2014: 581-609. 
[20]  Llanes-Tizoc, Mario D., Alfredo Reyes-Salazar, Eden Bojorquez, Juan Bojorquez, Arturo Lopez-
Barraza, J. Luz Rivera-Salas, and Jose R. Gaxiola-Camacho. "Local, Story, and Global Ductility 
Evaluation for Complex 2D Steel Buildings: Pushover and Dynamic Analysis." Applied 
Sciences 9, no. 1, 2019: 200. 
